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P r o j e c t  R ~ I S O N  is a Plowshare experiment t o  determine t h e  commercial 

f e a s i b i l i t y  of  n u c l e a r  s t imu la t ion  of  n a t u r a l  gas  reservoirs").  Su r face  

ground zero  (SGZ) is loca t ed  on t h e  southwest l i m b  of  t h e  P iceance  Creek 

Basin i n s e c ?  25. T7S, R95W i n  Garf ie ld  County, Colorado ( f i g u r e  1). 
i i  q, The proposed u c l e a r  de tona t ion ,  with a y i e l d  of  4 0  k i l o t o n s ,  is t o  t a k e  y.>' 

p lace  a t  8 - d r i e d  qep th  of 8430 f e e t  i n  rocks o f  t h e  Hesaverde Croup 
3 ',, 1 . 

(Figure  2).  1 p. \.. i 1 
\ ; \ \ y ,  
i -\d 

..--.\ 
2 .0 AVAILABLE INFOVTTON 

\ { , . 
The Mesaverde Group, xt~;Ghe Rulison S i t e , i s  a n  approximately 2500 ' f oo t  

t h i c k  sequence of  in te rbedged  sandstone and s h a l e .  The Hesaverde Group 
i I 

over lays  t h e  Mancos Sha le  fognat ion and is o v e r l a i n  i n  ascending  o r d e r  
__-.-I 

by t h e  Ohio Creek Conglomerate, about 37  f e e t  t h i c k ,  an  unnamed u n i t  ; p~ %. 

of Paleocelle age (poss ib ly  F o r t  iu*ibn o r  lower Wasatch), about  500 f e e t  
! j--\ l? 

t h i c k ,  t h e  -Wasatch Formation, about-39.00. - . feet  t h i c k ,  t h e  Green R ive r  
; (.- Ci 

Formation, abold 1700 f e e t  t h i c k ,  andi.,~uaternary a l luvium a s  t e r r a c e ,  
'"b. ; 1 

:. ', and streambed d e p o s i t s  ( ~ i g u r e  2). . \..z2 
/--., 
{ /-'i.~ 
: ---- '----', 

A l l  rocks  i n  t h e  P r o j e c t  RULISON region con~aj '1)ground wa te r .  The --< 
amount and source  o f  ground water  used i n  t h e  imrpediate explos ion  a r e a  

t : 
is unknown. A t  Morr isania  Mesa, about t h r e e  m i l e s  northwest o f  SGZ, 

; I 
ground water is withdrawn from sa tu ra t ed  al luvium"f5or~domest ic  u s e  (2,3 

- -*-* 
s u r f a c e  water  from Bat t lement  Creek is used for i r rGga t ion  

- -  - - 
(2,3) 

t 

1 / 

i.: 

The USGS i n t e r p r e t e d  t h e  chemical c h a r a c t e r  of f l u i d s  coxl.ected from 
i :  

t x b i n g  a f t e r  each d r i l l  stem t e s t  i n  e x p l o r a t i o n  ho le  R{Y a s  i n d i c a t i n g  

(2 1- >*". . .-"-% t h a t  " l i t t l e  mobile wa te r  occurs  i n  t h e  zones t e s t e d "  . , 
; * .., - .. 

Pred ic t ed  physica 1 e f f e c t s  f o r  a  40 k i l o t o n  .explosion incl"de::-foma- 
, -. ... . . 

t i o n  of  a  rubble  chimney 144-216 f e e t  i n  diameter  and 3 0 1 4 5 1  f e e t ' h i g h ,  w i t h  



R. 95W. R.94 W. R. 93 W. 

t. 
6 
s. 

1. 
7 
S. 

T. 
8 
S. 

7. 
9 
S. 

I 

1 

I I 
L , , ,  --------,I -- 

L 

Figure 1 Index  Map of Project Ru i on Sit- 
(map from PL4-5-69 1 ) 

- 2 -- t -3 
- 



Sea 
Level 

. ' 
i 0hi-o Creek. 

DISTANCE (Miles) 

'igure 2. Diagrammatic Cross Section of RULISON S i t e  Along Trcrld o f  Battienlent Creek 
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t 

f rac tu res  extending beyond t h e  chimney limits f o x  a t o t a l  
(43 t b  580 f e e t  

~ ~ t i m n t e s  of q u a n t i t i e s  of radionucl ides  present  a t  To + 180 days a r e  given 

i n  Table 1. 1, Of t h e  nuc l ides  l i s t e d  s e v e r a l  w i l l  e x i s t  as gases 

(Kr, Xe, H , cH.,$ and as  v o l a t  i l e s  (I, C s ,  HZO); o t h e r s  w i l l  be  re- u 
f rac to ly  (Sr, Y, Only those  radionucl ides  having hal f - l ives  g r e a t e r  

than  one-half 
106 137 3 , C s  , pm14', and H ) a r e  

considered hazard t o  t h e  hydrologic environment. 

Data from tritium w i l l  have t h e  following dis-  . 

t r i b u t i o n :  70 t o  90 percent.;will be incorporated i n t o  water ,  9 t o  27 p t r c e n t  

i n t o  molecular hydrogen, 1 t o  3-jpercent i n t o  methane, and 0.03 t o  0.1 percent 

i n t o  e thane .  : t 
I I- 

* --- . -- r 
! ;. 5, 

3 .0 ASSUMPTIONS AND ESTIMATES 
{ 'T:? !\, 
. -..- 

1. : f -  -.-..:.*!$ 
: .., 

Although some hydrologic t e s t s  were perfod-gd:,':on Ohio Creek and Mesaverde 
-. --.. 

rocks encountered i n  exp lo ra t ion  d r i l l  h o l e ' G p ,  . . v i r t u a l l y  no information 
-..**. . ,-... 

-.as obtained about t h e  hydraul ic  p roper t i e s  o f  theyrocks. 
. < 

No labo- 
-story tests t o  measure . chemical exchange prope2t ies  of t h e  rocks were 

. , , 
t .--.* , 

< performed. There is p resen t ly  no way of knowings'the quan t i ty  of water  
< I 

t h a t  may be ava i l ab le  t o  mix wi th  radionucl ides  . ~ ~ ~ r o ~ r i a t e  conservat ive 
: i 

assumptions m u s t  t he re fo re  be made. i - + i 

! *---- - 
The d i r e c t i o n  o f  ground water flow i n  t h e  alluvium is as:s@%ed t o  be - .  
northward, cons i s t en t  with topographic s lope .  Rocks be<&+ the i  alluvium 
d i p  two degrees o r  less t o  t h e  nor th(2) .  Ground water flow & ' t h e s e  rocks . . 
is assumed t o  be northward a l s o .  

85 133 :";id , A 1 1  of t h e  nucl ides  produced from this device except K r  , Xe . 3 
- 9 -  - 

may be re tarded by chemical exchange. 



. Rock mtarfr,U rucb u t b  at tbr Wffl Stto rrM tb .ourrb of 

of tba rock c a u t f t m r ,  pmalty, cad copt l t l e  of tho taw 
othor d l u o l w ~ .  caut ihWt.  In tb. t m ~ p O I C f 4  ILIU. ValOLI f~ 

r o t a r c t u t i d b ) I u o l w d  ~ a r u t f h * n ~  fa uhUt f b  t b o n t ~  
n a r u n w k ~ e t t t m  d rtrlbutioa c a t t t ~ ~ ,  a, iar th. rpaaitia f \ 1 
disaolvrd collrtitaimt aad rock &o tka~@ ckicb mm -. ! ' \  " 

8 L J  ! \b 
'7 

Although Ydtr wra a& fw tho tbb at tb lDLUQl Sfte. 
experlance and uu~u* Lq oa rodu o f  vayfn# typr fra otb? 

for thfr report. V a h r  for I L-..- p n v l ~ l y  - by IroCopr 
1-2 

given in Table If. !f--t? 
i ': 

f ; :% ': 
$'! :,i 
{ ,..--, 1 , v... --., .. 

sou rce  tern concentrat  ions wen eitldted. .by rrrtnfng that the expbloa- 
I ,-XI 

r e l a t e d  nuc l ides  a s  shown i n  Table I are: completely and unifonsly mixed - -  _ 
with  a quan t i t y  o f  water equivalent  t o  t h e  v d l u w  of the cav i ty  void spsce 
a n t i c i p a t e d  t o  b e  formed by t h e  detonation.  This  h s s m p t i o n  is consents- 

t i v e  , l e a d i n g  t o  high values fo r  radionuclide :f@fifientrati ons, becauae it i a  
- ..-/' 

known t h a t  s i g n i f i c a n t  f r a c t i o n s  of  r e f r ac to ry  nucl ides  w i l l  be incorporated 

IJ i n  t h e  me l t .  On t h e  o ther  hand, s i  i f i c a n t  f ~ a c t i o n s  o f  v o l a t i l e  o r  re- 
' I 

f r a c t o r y  nuc l ides  having gaseous precursors (such a s - s t g o  and ~ 8 ~ ' )  w i l l  

b e  d i s t r i b u t e d  i n  t h e  rubble chimney. The cav i ty  v 0 1 1 ~ ~  is calculated t o  
6 ll ll be about  2 x l o6  t o  5 x 10 cubic feet (0.5 x 10 t o  1 .? x 10  milliliters). - 

I n  t h i s  wa te r  volume, tritium concentration would b e  about 60 t o  200 CG , 
4 4 namely 1. x 1 0  c u r i e s  per 1.5 x 1011 m i l l i l i t e r s  t o  1. x 1 0  c u r i e s  per  

U 0.5 x 10 m i l l i l i t e r s  o r  about 6 x rnicrocuries ( v ~ i )  pe; piI1:liliter - 

An abbrev ia t ion  f o r  Concentration Guides. C G ' s  a r e  reference concen- 
t r a t i o n s  a s  given i n  November 8 ,  1968 rev is ion  of USAEC Manual, Chapter 
0524, S tandards  f o r  Radiation Protect ion,  Annex A ,  Table 11, Column 2, . 
reduced by a f a c t o r  of t h r e e  t o  be cons is ten t  with s tandards  appl icable  
t o  I n d i v i d u a l s  and Population Groups i n  Uncontrolled Areas. These guides 
sre appl ied  a s  per i n s t ruc t ions  i n  TN NV 0500-23, dated Ma 12, 1969. 
A CG is used i n  t h e  same context a s  an MPC had previously geen a p p l i e d o  



Table I. Radionuclide Act iv i ty  a t  T + 180 days 
itesulting fma ktonat ioa  8f 40 Fission Kilotons. 

q n 
keiibe mlf-life Curier 
Y 2 l  
em p,, 1 0 . 7 6 y .  0 . 9 6 x l P  

i /'u i 10.6 d 
e o  Ll '..-I 0.91 x lop 

2863 y 
( ,r--::- 

0.59 x 10' 
p1 ! S 9  d I \ -. 1.01 x 1P 
ern ',.&',i . -* 1.82 x 10. 
libgm SS d) j 0.32 x 10. 

4 0  d,::, 0 . 4 1 ~  1P 
RPos S t  rin ro .41  x lob  
RL?- 

: j '  

t 0 y ,',%7~2 x lb 
RP- <..... 

30 a m  ' 1:~27C:.l@ 
I==l 

. , I !. - 
8.05 d 1 . 5 )  

x~F S.27 d \--/ 8 0.86-x- lb_--, 

3 0  Y 
-\A 0.7s x 16.'---.. 

rnlS7 2.6 r i a  0.69 x lo4,/ 3 ' 
m140 13.8 d ,- 

k ,  O . M x l b  i i  
bl- 4 0  b 0 . 4 O x l @  : ! t I 

cd !- r 

82.5 d 0.32 x 10. "-- ---" ...- 
W.7 d - 0.63 x 1b --. 

2 -- - 
d4' 285 d 1.47 x 10' : - 3  i 

P 9  17.3 m b  1.47 x 10' 
w 47 

% 

2.6 y 0.28 x 10' 
BP 12.27 y 1. x I@ -. 



TABIE If 

'Distributih Coefficients of Strontium-85 and ~esium-l37 for various . moterials.. Material suspended in 4 parts saturating solution for 72 
hours. Hinimum particle diameter is 4 0 0 0 ~ .  

'i q Saturating 
Material/ !J / Medium Kd (Ml/g) 

.<I 
Sr - Cs - 

Bbsolt Sea Water 1.07 6 .SO 
( k h i t k a )  /--. 
Carbonate ,*',f 

f i 

! \ 
Prepared Watefl 0.19 13.5 

(Yucca FLat, 5i,k--J -- 1 (well)  
Nevada Test Site) ‘.---.- 

r: 
i ' 

Salt ! i Sa l t  Saturated Water 0.19 0.027 
1- (Tat- Salt D m )  _____ 

,'? 
Shaley Siltstone CB-2, Well Water 

d 
8.32 309. 

(Casbuggy S ite, /,- -,J 
Northern New W c o )  f- ,--- -. 

,*--< : 1 - '  
7 - ., .. .- 

Sandstarre CB-2 ~ e l ~ - ~ a t e r  1.37 102. .. -... /. ,; (Gasbuggy S i t e  , -...-. .. 
. . . . . - - 

Northern Now Mexico) ;. ...- :\, ,.... 
...._ . --. 

Granite '." -7 ': 
Deep Format ion:-Water - -. 1 . 7  34.3 

(Shoal Site ,  Nevada) --. ! .; 
: 4 
; :  

i 
t u f f  Prepared WaterC ! i . 260. 1020. 
(~afnier  Hesa, (Rainf er Spring)  "-' ._._.. l_l_l 

Nevada Test S f t e )  . . >-A 
c .. ,. \.. 
, , > 

Desert Alluvim Deep Fonnat ion Water 1.50-2450 70-2640 
( H e  Creek Valley, Nevada) ! -< i I 

I :  

1 i 
I :  t,l 

- - 

Water pmpsmd t o  have major chemical composition similar to that ?of 
referenced water source. 



'I 

I n  the  same water volume, strontium-90 concentrat ion would. be about 
. . 

t S 6 ' 4 4 x 10 t o  1 x 1 0  CG, namely 0.59 x 1 0  c u r i e s  per 1.5 r 10'~ t o  

' 0 . 5  x m i l l i l i t e r s  o r  4 x LO-' t o  1 x lo-' pCi/ml. 

4 *o RADIOACTIVITY I N  THE HYDROLOGIC ENVIRONMENT 

The ewagge&;tec&werburial of  t h e  RULISON device is predicted t o  a s s u r e  
t t eontainment(bS9 only o low probab i l i ty  of re lease  of r a d i o a c t i v i t y  t o  

L X  

the  atmosphere byrfissures o r  stemming/casing f a i l u r e .  It seems 
i l  

reasonable t o  assume.,l !therefore, t h a t  e s s e n t i a l l y  a l l  of t h e  explosion 
I \  / I \  

nuclides will be Maine-*thin t h e  Mesaverde Foxmation. 
f '/--\A 
i 

; i 
If ground water i n  t h e  ~es+Terde Fonnation is immobile, a l l  r a d i o a c t i v i t y  

w i l l  res ide  essen t i a l ly  i n  pl+e u n t i l  a r t i f i c i a l l y  removed, and will 

decay eventually t o  oonncentratLoqi below one CG. For the  source term 
L.-, 

concentrations given e a r l i e r ,  six t o ~ e i g h t  ha l f - l ives  o r  about 75 t o  100 
1 j;, \ 

years  is required t o  reach tritium ,CG., !and about 16  t o  20 h a l f - l i v e s  
i -? . 

' orabout 450 t o  550 yea rs  t o  reach ktro1htiumY90 C G .  .- --. r 
[ 
'----. \, 
T%..-. j I If t h e  water i n  the Mesaverde Fo-tion 1s.-mobile very l i k e l y  t h e  ,-? -- '. 

re loc i ty  o f  movement w i l l  be  slow enough and chemical-exchange r e t a r d a t i o n  
'.- ."\ 

high enough t o  prevent t r a n s p o r t  of nucl ides  ip-.greater-than-C~ concentra- 
'-4 

t i o n s  f o r  any s i g n i f i c a n t  a ' is tances.  Even i f  r a t e  OF ground water  movement 
i i 

is one foot  per day, explosion-produced t r i t i a t e d  waqer could move only 

about seven miles before it would decay below one c&: -Under t h e  same 
i ._._*.^ 

conditions of movement but with  cons idera t ion  of retarhbtion e f f e c t s  
f t 

(assuming Kd lo) ,  strontium-90 would probably move leks than a mile  

before decay t o  below one CG. 
r (  

L - 
I n  the  unlikely event of venting, o r  o t h e r  mass movement of ra-d ibsc t iv i ty  

2 -.-. - 
upwards t o  the  land surface,  t r i t i u m  could b e  introduced i n t o  the-  shal low 

.- 
ground water i n  t h e  Quaternary alluvium and/or i n t o  the  su r face 'wa te r  of 

Battlement Creek. Gaseous and v o l a t i l e  nucl ides ,  including gaseous pre- 

cursors  t o  many re f rac t  o w  nucl ides ,  could move s igni f icant  d i s t ances  .. . 

under these  conditions. However, a f t e r  decay t o  refractory nucl ides  of 

t h e  same mass number, such a s  strontium-90 from krypton-90 and bromine-90, 

r t h e r  mass movement would b e  extremely re tarded.  



' t h e  containment c o n d i t i o n s  c i t e d  e a r l i e r .  

Should trititfm i n  w a t e r  reach t h e  land s u r f a c e  it would very  l i k e l y  
i I 

n o t  be a t /  br /above one CG I f  it were, and if t h e  t r i t i a t e d  w a t e r  

system, it w i l l  probably n o t  r each  

Hor r i s an ia  o t h e r  khovn w a t e r  use p o i n t ,  before  t r anspor t /decay  

CG l e v e l s .  

If t h e  e x p l o s i o n - p r o d ~ ~ _ d ~ i t i a t e d  w a t e r  became p a r t  o f  t h e  Bat t lement  
-1 

Creek flow system, ' s i g n i f i c a n t  d i l u t i o n  could be expected t o  reduce . : 

i I 
concen t r a t ions  before  any long-d is tance  t r a n s p o r t ,  occu r red ,  Other  . , i .--,.-, 
explos ion  nuc l ides ,  i n  e i ther-systfem,  would be  g r e a t l y  r e t a r d e d  and . . 
t r a v e l  very s h o r t  d i s t a n c e s  befor,e:decay and d i l u t i o n  would reduce  

i; ".. ... :. 
concen t r a t  i ons  t o  below CG level.s$'"" ' ...?, 

5 .0 SUMMARY A ND CONCLUSIONS 
.._".. . -. 

I n  t h e  absence of s p e c i f i c  in format ion  on the '1Fydraul ic  and chemical-  

exchange p r o p e r t i e s  of  t h e  rocks  a t  t h e  RULISON;~ s i t e  , conse rva t ive  
..- . 

es t ima te s  were made i n  o r d e r  t o  make contaminat ion-! p r e d i c t i o n s .  Source 
term concent ra t ions  f o r  tritium and strontium-90 :$re assumed t o  be  

6 x lo-* t o  2 x 10-I pCi/ml and 4 x t o  1 x l ~ ' ~ ~ p C i / m l ,  r e s p e c t i v e l y .  .*-.- J 

Assumption of high b u t  c r e d i b l e  wa te r  movement r a t e s :  and reasonable  ---..- 

r e t a r d a t i o n  e f f e c t s ,  i n d i c a t e s  t h a t  n e i t h e r  tritium o r  s t ront ium-90,  
r? f o r  example, would move more t h a n  a f e w  miles before  decay j o r  d i l u t i o n  
i 8 

t o  below CG l e v e l s .  I n  t h e  u n l i k e l y  even t  of mass movement o f  rad io-  
LA 

a c t i v i t y  upwards t o  t h e  land s u r f a c e ,  t r a n s p o r t  o f  n u c l i d e s  Ka-ta, might 
LL-. exceed t h o s e  a t  dep th ,  b u t  greater-than-GG l e v e l s  o f  a c t i v i t y - a r e  n o t  
i 1.-- 

expected any any known wa te r  use  p o i n t .  .-.--- - --.-- 



(1) U. S. Atomic Energy connnissidri, May 1969, Project RULISON 
Planning ~irect4ve.- i  PIE-C-19 

' --. 
(2) Voegeli, Paul T .  Sr . ,  April 4, 1969i4,,ieology and W d r o l w  of 

the Rojec t  RULISON ~ x ~ l o r a t i o n  Hole, Garfield . 
County, Colorado, RULIS0N.-- @CS - 747-16. 
PNE- C- 2 f ;  . 

, 
. . 

(3) CER Ceonuclear, March 26, 1969, Project RULISON Definition 
Plan, Sections 1, 2, 3, 4 ,  6;-7.  1 ~ P , e - C - 1 1  

i f  u 
\ .\-. 
\L.----\ 

: 4 )  U. S . Atomic Energy C d s . i o n ,  June 1969, E f $ e ~ ~ s ~  ~valuntion 
for Rojec t  RULISON. ~~0.43. P N E , - G ~  

r r  


	Radioactivity in the Hydrologic Environment Project Rulison Final Pre-Shot Report

	Contents

	1.0 Introduction

	2.0 Available Information

	3.0 Assumptions and Estimates

	4.0 Radioactivity in the Hydrologic Environment

	5.0 Summary and Conclusions

	References


	Figures

	Figure 1. Index Map of Project Rulison Site

	Figure 2. Diagrammatic Cross Section of Rulison Site Along Trend of Battlement Creek


	Tables

	Table 1. Radionuclide Activity at To + 180 days Reulting from Detonation of 40 Fissio Kilotons

	Table 2. Distribution Coefficients of Strontium-85 and Cesium-137 for various materials.




